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Abstract 
Service learning is a mechanism used in engineering and construction curricula as a means of engaging students in interesting 
and complex problems that benefit the community while providing an opportunity to develop competencies that will be essential 
in professional practice. Such projects are particularly effective in exposing students to issues otherwise difficult to teach in a 
classroom setting, including critical resource constraints and tactics to overcome them, tradeoffs among possible solution alterna-
tives, integration of systems, and the human and organizational challenges of design and implementation.  However, the risks and 
challenges involved in integrating these projects within classes and managing student involvement lead them to be underutilized 
in many curricula. This paper describes experiences with two separate community-based service learning projects undertaken as 
part of a joint undergraduate-graduate class on sustainable facility systems at Virginia Tech. While projects were initially de-
signed to be of similar scope and difficulty, the outcomes were dramatically different from a project management and implemen-
tation standpoint, and learning outcomes for students were also different.  Lessons learned are presented for the benefit of others 
considering expanded service learning as part of coursework on sustainability in engineering and construction curricula. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2016. 
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1. Introduction 
Service learning in the Myers-Lawson School of Construction (MLSoC) at Virginia Tech occurs in many ways. 
From international trips to developing countries over spring break to designing and building solutions in the local 
community, students and faculty in the MLSoC find opportunities to learn while applying while working to help 
others in many ways. Sustainability-related service learning for construction students is part of these efforts, which 
author Pearce has led as the primary instructor of sustainability courses within the school.  Since 1997, Pearce has 
incorporated hands-on learning exercises in sustainable construction classes as a means of introducing students to the 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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challenges of design and construction of a number of projects using alternate means, methods, and objectives.  Au-
thor Manion has managed more design-based service learning initiatives at the University of Maine, but has recently 
been doing more hands-on construction projects.  This paper first presents a review of literature covering hands-on 
service learning projects, selection, challenges and applications in sustainability education.  Then a new conjoint 
course experience at Virginia Tech is introduced and the two projects from the spring 2015 semester are presented.  
Finally, the last section of the paper is a discussion of the lessons learned and recommendations for future projects. 
2. Review of literature 
Community service projects are a natural component of engineering and construction education programs, largely 
because of the public service orientation of their respective professions.  Many students love to get out of the tradi-
tional classroom working with their hands and minds to solve real problems and/or build something meaningful.  
The concept of service learning builds on this tendency, adding explicitly-stated and assessed educational compo-
nents to create a broader beneficial learning experience.  It is not just a recently developed pedagogical approach, 
having “modern” roots in the social activism of the 1960s, followed by community service for democracy and citi-
zenship in the 1970s and 80s, and finally as an educational tool beginning in the 1990s [1].  Now, many educational 
practitioners understand that learning through service can be very effective, providing students with opportunities to 
develop professional and independent learning skills as well.  However, many authors, for example as Burr and 
Martin [2] and Clevenger and Ozbek [3], emphasize the absolute need for sufficient time to reflect throughout and 
after the service process. Moreover, it is easy to become trapped in the necessity to complete the project, but “A 
successful project completion is but one of the goals of a service learning class, achievement of the learning objec-
tives is equally important.” [4] 
Some of the earliest evidence of documented service learning in construction education is at Colorado State Uni-
versity in the late 1990s [5], where students did residential remodeling as part of a senior-level required course.  At 
that time, the author acknowledged students’ volunteer work with organizations such as Habitat for Humanity, but 
noted that that a lack of reflection prevented much academic learning from such exercises.  Therefore, the early 
service learning work in construction education was largely based on practices borrowed from the social sciences 
[5].  Several years later, a survey of Associated Schools of Construction member institutions revealed only three 
programs with formalized service learning [6].  Both Senior [5] and Tinker and Tramel [6] called for a body of 
scholarship in construction service learning to be developed, which has been evolving.  A recent literature search 
revealed a number of programs that have documented their hand-on construction service learning coursework, in-
cluding “Rebuilding Together” at California State University Sacramento [7], a two-credit technical elective with 
residential remodeling at California Polytechnic State University San Luis Obispo [1], the “Hard Hats” project at 
East Carolina University [8], a spring break residential construction management project at the University of Ne-
braska [9], the sustainability-focused “CM Cares” program at Colorado State University [10], a two-course combi-
nation of upper and lower division students at Boise State University [11], the American Indian Housing Initiative at 
Penn State, providing sustainable housing for the Northern Cheyenne Tribe in Montana [12], and in many places 
throughout a revised curriculum at California State University, Fresno [13].  From the diversity of implementation 
and styles of these programs, it’s clear that service learning as an educational strategy is growing in many different 
ways, with a variety of different community partners. 
Thus, the body of knowledge for implementation of service learning projects in construction management is 
growing steadily.  For instructors considering service learning, Cline and Kroth [11] present the following list of 
parameters for a good service learning project, which should: 
1. Allow the learner to practice construction management academic skills learned in the classroom using real-life 
experiential learning; 
2. Provide an opportunity for the learner to interact with project recipients; 
3. Be feasible, considering the amount of time available in the specific CM course; 
4. Be complex enough to allow the learner to be challenged, but not overwhelmed; 
5. Contain an element that will allow for learning through reflection; 
52   Annie Pearce and William Manion /  Procedia Engineering  145 ( 2016 )  50 – 57 
 
6. Include components that can be evaluated to determine the relative success of the project and the effect of the 
experiential learning process. 
Upon first consideration, these six project selection parameters seem relatively straightforward, but each can be 
very challenging by itself, particularly when potential projects can be difficult to identify, and scope, learning, and 
client expectations must be managed.  In addition, there are a number of other challenges for faculty who wish to 
include these experiences in their curricula, including: 
• Student mediocrity – some students lack commitment and the initiative to responsibly follow through [7] 
• Construction workmanship may not be as good as professionals could provide. [6, 7, 10]  
• For the Institution, the risk of being mistakenly identified as a vocational program [14] 
• Faculty workload, particularly on weekends [6, 4]  
• In the process of completing a project, finding time for reflection [1, 6]   
• Non-traditional assessment and grading techniques [2, 4]  
• Construction safety and institutional liability [1, 4, 6, 9, 8, 10]   
• Negative student perceptions of a lack of traditional course structure [10]. 
The literature provides at least some guidance for many of these challenges, but very little for student mediocrity, 
identification as a vocational program, safety and institutional liability, and negative student perceptions.  Of these, 
the most egregious omission is the safety and institutional liability.  Although nearly all authors acknowledge safety 
as an issue, providing at least their basic mitigation strategies, none provide the rich level of attention to detail that 
other topics have, such as in several papers on assessment methods. 
Service learning by building has also been shown to be effective for learning the practice of sustainability.  At 
Colorado State University, construction management students have teamed with local vocational high school stu-
dents and design professionals to design and manage the construction of dog houses [10] and xylophone stands [3] 
under a program called CM Cares.  Based on assessments using surveys, reflection, and concept maps, they have 
reported learning of social and environmental sustainability [10], as well as improved student competencies in sys-
tems thinking, long-term foresighted thinking, stakeholder engagement and group collaboration, and action-
orientation and change-agent skills [3].  Another major program at The Pennsylvania State University has students 
design and build sustainable housing for the Northern Cheyenne Tribe in Montana [12].  This American Indian 
Housing Initiative (AIHI) combines sustainable design, using strawbale techniques, as part of coursework during the 
academic year and summer season hands-on construction.  Based on assessments using surveys, content analysis of 
student discussions, reflective assignments, on-site interviews, and focus group discussions, it was found that 
knowledge of sustainable practices and skills in interdisciplinary collaboration and leadership were improved [12].  
Moreover, these two examples include often-cited assessment methods from service learning literature. 
3. A conjoint course in sustainable construction service learning at Virginia Tech 
In 2015, a new conjoint course on sustainable building construction was offered at Virginia Tech at both the un-
dergraduate and graduate levels that provided an opportunity to experiment with a new level of engagement in sus-
tainability-related service learning. Author Pearce was the lead instructor for the course, with doctoral student author 
Manion providing mentorship to students and contributing expertise to the design and implementation of the learn-
ing experience. Conjoint courses at Virginia Tech involve shared learning experiences among two different levels of 
students (typically graduate and undergraduate).  The learning objectives for both BC 4334, Sustainable Building 
Performance Management (senior undergraduates) and BC 5134, Sustainable Facility Systems (graduate students) 
are to empower students to: 
• Identify a range of feasible and contextually appropriate best practices for improving the sustainability of a built 
facility through multiple phases of its life cycle. 
• Evaluate and compare these practices in terms of their relative performance according to traditional qualitative 
and quantitative criteria such as first- and life cycle cost, performance, time, and quality, and in terms of their rel-
ative impacts on facility sustainability. 
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• Design a recommended course of action to increase the sustainability of a facility that takes into account the 
context of implementation. 
• Support recommendations with convincing evidence and well-organized analysis delivered in a professional 
fashion, and plan their implementation. 
• Predict likely impacts of implementing those recommendations on specific projects in terms of project sustaina-
bility. 
Given the orientation of learning objectives around recommendations appropriate for specific situations, working 
with real projects at some level seemed a natural fit. In previous iterations of these courses, the project deliverables 
were reports and presentations, and sometimes prototypes. However, in the 2015 conjoint offering of the course, the 
instructor elected to engage students with two real projects involving local organizations as a means of increasing 
the impact of learning for students while enhancing outreach and contributions to the local community. 
The combined class size was sixteen students, equally divided between fourth year undergraduates in the Sus-
tainable Performance and Energy Management track of the B.S. Building Construction degree and graduate students 
at the M.S. and Ph.D. levels in disciplines including Civil Engineering, Building Construction, Environmental De-
sign and Planning, and Architecture. In the second week of the class, students took field trips to both potential pro-
ject sites and learned about the owners’ design goals and constraints for the projects. Following the field trips, each 
student submitted an application with their resume and cover letter for their project of first choice. Remarkably, 
students’ choices resulted in almost a perfect split of team size, experience levels, and diversity of disciplines to 
comprise the two project teams, except for one graduate student who voluntarily switched projects. The two project 
teams thus were established in the third week of class and remained the same throughout the semester. 
 The design of the course overall involved guiding students through the design and construction planning process 
in a series of steps (see Sequence of Project Development) similar to any real project. With two class meetings per 
week, Tuesdays were instructional and Thursdays were devoted to active learning workshops for application of the 
methods learned on Tuesday to their actual projects. During the workshops, Pearce and Manion would circulate 
among the teams and offer input and guidance to facilitate each teams’ processes. Following each Thursday work-
shop, teams were expected to digest the results and post a summary on a course-wide shared Google Drive. 
4. Hands-on sustainable construction service learning: the two projects 
Two projects were selected with the aim of having comparable scope, and were initially estimated to be equally 
feasible within the constraints of the course. Both organizations had previously been engaged with students on pro-
jects, and again in both cases, the organizations themselves suggested the project as being a priority for meeting 
current needs.  Descriptions, objectives, concepts, plans and outcomes of the two projects are summarized for com-
parison in Table 1.  
Table 1. Project descriptions and outcomes. 
Project ReStore conference room PantherHouse  
Original scope Design and construct a conference room 
inside the ReStore showroom for board 
meetings and meetings with Habitat home-
owners 
Design and construct a day room at the local 
municipal shelter for resident cats to have an 
opportunity to exercise outside their cages and 
interact more naturally with potential adopters 
Client goals / objec-
tives 
Use materials available from the ReStore 
Provide acoustic isolation and privacy 
Minimize change to existing building to 
avoid the need for code-driven upgrades 
Avoid creating a fire hazard 
Preserve the function of the existing show-
room, including circulation paths 
Provide vertical enrichment for cats 
Provide separation of spaces in the day room to 
allow multiple groupings of cats at once 
Keep costs within what can be donated 
Meet state requirements for sanita-
tion/sterilization of finishes 
Design for cleanability 
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Design concepts Initial concepts included a tent that could be 
raised and lowered when needed, a gazebo-
type structure, and a structure made from 
doors that was built-in to a corner of the 
existing showroom 
Initial concepts included a portable “tiny house” 
on wheels, a new room added to the existing 
shelter, and a freestanding moveable structure 
located on loading dock 
Construction plan Plan involved building a stick frame wall 
system covered with doors to serve as the 
walls. Habitat planned to provide a 
roof/ceiling system independent of the wall 
system. 
Plan involved constructing a building envelope 
from structural insulated panels on a skid founda-




Project was substantially completed in two 
work days. Tools and materials were provid-
ed by the ReStore, and extensive design and 
construction guidance was provided by 
Habitat personnel. Construction limited to 
days when ReStore was closed for business 
(Sunday and Monday). 
Project was not completed or even dried in by the 
end of the semester. The class was expected to 
fundraise as well as seek in-kind donations. 
Threat of flooding interrupted construction. 
Significant preparation tasks were not anticipated 
during planning. No support provided by the 
project owner. Construction limited to working 
hours of the shelter 
5. Sequence of project development through the course 
The projects were developed through nine distinct steps in the course, from defining functional requirements 
through project execution and reflections and lessons learned, as summarized in Table 2. In addition to the internal 
deliverables developed by the team to document their work for a course grade, the teams also conducted regular 
feedback cycles with their clients to ensure that the solution met client goals and requirements. During the concept 
generation stage, students were encouraged to come up with creative, outside-the-box solutions to address functional 
requirements without concern for constraints. These concepts were then assembled into three distinct scenarios 
representing a cost and creative spectrum of solutions, to aid the client in comprehending the ideas being presented. 
Clients were encouraged to discuss what they liked and did not like about each overall concept, as well as identify-
ing specific features in each concept that they would like to include or avoid in the final design. With this feedback, 
students were able to consolidate a broad set of possibilities into a single concept to move forward into design de-
velopment. Further formal feedback cycles with the client occurred at the end of the design development stage and 
project execution planning, as well as on an informal basis as individual questions arose during design and project 
planning.  
In the value engineering phase of the process, the teams evaluated each other’s solutions. The whole class was 
present for all client briefings and in-class presentations for both projects, so everyone was familiar with the chal-
lenges and requirements of both projects. The value engineering process followed the Continuous Value Enhance-
ment Process (CVEP) [15]. Several ideas resulted from this process that were then incorporated as part of the final 
designs. 
 In the project execution planning and implementation phases, students applied the skills learned throughout their 
degree programs to develop detailed execution plans, work breakdown structures, estimates of required resources, 
schedules, job hazard assessments and safety management plans for their projects.  The actual construction was to 
be “blitz” style, with most of the class working at the same time.  Students were each expected to work at least ten 
hours on their own project and at least six hours on the other. The final three weeks of the class were devoted to 
builds, with two consecutive Saturdays being used for the blitzes for the two projects.  
Table 2. Design and construction planning process – a summary of the steps, objectives and outcomes. 
Step Objective Outcome 
Defining functional 
requirements 
To articulate client goals and constraints Program of requirements 
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Concept generation To develop a broad set of creative ideas for project 
solutions 
Charette concept report 
Concept refinement and 
stakeholder management 
To review and reconcile ideas with client goals and 
constraints 
Client briefing and report – three 
scenarios 
Design development To incorporate client feedback on initial concepts 
and further develop the most promising option 
Design briefing and report 
Life cycle costing and 
value engineering 
To develop detailed design solution, including 
product selection and system optimization 
Lifecycle cost analysis and solution 
refinement 
Project planning for 
sustainability 
To plan the execution of each project given availa-
ble resources and constraints 
Roles and resources presentation; 
project execution plan 
Project promotion and 
recruiting 
To mobilize external help and resources to com-
plete the project 
Project promotional materials 
Project execution To construct the solution developed by the team Final constructed project 
Project reflection and 
lessons learned 
To identify what worked and what could be done 
better 
Final project report 
Ultimately, the Habitat ReStore project (Figure 1a) was able to be completed by the end of the semester, although 
it required considerably more hours than anticipated by the project team. The PantherHouse project (Figure 1b) was 
not completed by the end of the semester, and required substantial work after the end of the semester by faculty and 
community volunteers to complete. 
 
a  b  
Fig. 1. (a) Habitat for Humanity ReStore conference room; (b) Radford animal shelter PantherHouse. 
6. Lessons learned and recommendations for future projects 
These two parallel project experiences, with their two dramatically different outcomes, offered a unique oppor-
tunity to reflect on how different project attributes influence the success of service learning, even when the peda-
gogy within the class remains the same.  Comparing the two projects illustrates several important lessons for faculty 
considering construction-based service learning projects to teach sustainability concepts. 
6.1. Stakeholder involvement and roles in the project 
Both projects were initiated by the instructor, based on prior relationships between the instructor and the client 
organizations.  Habitat for Humanity maintained strong control over the project implementation and provided all 
resources except labor to complete the project, including supervision. This worked well, largely because of their 
expertise in how to manage volunteer labor, including students.  In contrast, the PantherHouse client was much less 
involved.  The student team and instructor were responsible not only for design and construction, but also fundrais-
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ing, providing tools and materials (including soliciting and coordinating in-kind donations), logistical coordination, 
supervision, and health and safety. Despite some well-developed plans and students with reasonable construction 
experience, the project quickly became overwhelming for the participants, especially given the very short time 
frame for construction. The primary client champion for the PantherHouse project was the local animal control 
officer, who has extensive expertise and training in veterinary operations but not with construction.  Being a munic-
ipal project, the eventual coordination with other departments was required, but the students had not included them 
as stakeholders in participatory design, resulting in additional negotiation and coordination to complete the project. 
6.2. Management of project scope 
Primarily because the PantherHouse project progressed from an interior renovation to a complete new standalone 
structure during design, scope creep was inevitable. The final solution was much more complex than originally 
envisioned by the instructor when negotiating the project, and students were interested in exploring more design 
options as well, resulting in less time for critical planning tasks. The need to focus extensively on unusual and ex-
pensive interior finish options imposed by state animal care requirements was also unanticipated, as was the lack of 
responsiveness of regulatory officers in responding to student inquiries. 
 In contrast, the Habitat project scope actually diminished over time, as the Habitat project supervisor removed 
several major aspects of the initial scope, to be completed by their own crews instead. Ultimately, the Habitat pro-
ject only included the erection of two structural walls, installation of finishes on those walls, and installation of a 
door to the room. Even with this reduced scope, inadequate time was budgeted for the project by students in the 
project execution plan. This disparity between planned and actual implementation is one of the major points of 
learning in construction-based service learning projects. While the Habitat project taught students this lesson in a 
way that could be overcome with a reasonable extra amount of effort, the shelter project was so far beyond a man-
ageable scope that students disengaged entirely and gave up at the end of the semester. 
 Dynamically managing scope as projects progress is essential for a successful project outcome, and is particular-
ly difficult using a blended design-build process such as these projects. The responsibility for fundraising and ob-
taining in-kind donations for the PantherHouse also diverted significant time and attention from the learning goals of 
design and build. The initial fundraising goals were set before the project scope increased dramatically, and design 
proceeded concurrently with fundraising. Thus, it was not surprising when the final project scope exceeded available 
resources and required additional rounds of solicitation to complete the funding for the project. A different timeline 
for the project may have helped with this issue. For example, if the project was designed in spring semester, fund-
raising was conducted over summer, and construction was planned and executed in fall, clear transitions between 
these critical steps would help reduce scope creep or at least ensure that compensatory actions were taken to ac-
commodate it. 
6.3. Sustainability as a design and construction objective 
Incorporating sustainability as a driving design objective was a serious challenge in both projects, as it often is in 
professionally-led projects. The common overriding desire is to complete the project successfully, putting pressure 
on participants to make tradeoffs between scope and sustainability.  Unfortunately, with time-constrained project 
delivery of one semester, scope often wins, as identified by students’ reflections at the end of the semester. Students 
also realized how difficult it is to manage every aspect of sustainability in a project. For example, in the Habitat 
project, the Habitat project manager procured standard construction materials, paying no attention to students’ re-
quests for more sustainable products or more alternatives not explicitly specified by the students. 
 From a design standpoint, Habitat had a preconceived notion of how the wall system should be built and elected 
to revert to that notion despite less resource-intensive and more sustainable options proposed by the students. Like-
wise, although the animal control officer agreed in principle to sustainability as an objective in the PantherHouse 
project, interior finishes were ultimately constrained by what the state inspector would approve as an acceptable 
surface for contact with animals. The opportunity to communicate interactively with state inspection officials was 
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not forthcoming, so material specifications for interior finishes were made based on affordability and sanitizability, 
even though this resulted in the use of products that did not meet sustainability goals. 
 Ultimately, these projects were a learning experience for all involved. One of the most powerful experiences for 
students was the need for constant tradeoff evaluation of sustainability vs. other project objectives and constraints. 
Available time, budget, functional requirements, and procurement processes all imposed realistic constraints that 
drove the use of less sustainable products and processes than were ideally desired. From a faculty standpoint, the 
need to accurately estimate and then constrain scope is critical to a successful outcome, along with clear definition 
and expectations for roles played by stakeholders. However, this reduces the degrees of freedom that can be afford-
ed to students in developing more sustainable solutions. If client-centered design processes are used, then all rele-
vant stakeholders should be included as part of the buy-in process. The degree to which resources for the project are 
provided by the client is also critical to client buy-in. While providing the entire project as a turnkey solution to the 
client may seem to afford the maximum design flexibility, it also places complete responsibility on the university to 
ensure the success of the project from all sides, including technical, financial, organizational, and political. The 
credibility of the university and faculty as well as the safety and well-being of students and facility users are at stake 
in these projects. The extent to which risk can be shared among stakeholders, including both client and university, is 
an important consideration in choosing and implementing successful service learning projects for sustainability. 
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